The automotive industry is expected to accelerate the transition to revolutionary products, rapid changes in technology and increasing technological sophistication. This will require engineers to advance their knowledge, connect and integrate different areas of knowledge and be skilled in synthesis. In addition, they must learn to work in crossdisciplinary teams and adopt a systems approach. The College of Engineering and Computer Science (CECS) at the University of Michigan-Dearborn (UM-Dearborn) responded by creating interdisciplinary MS and Ph.D. programs in automotive systems engineering (ASE) and augmenting them with hands-on research. Students at the undergraduate level can also engage in numerous ASE activities. UM-Dearborn's ASE programs offer interesting and possibly unique advantages. The first is that it offers a spectrum of ASE degree and credit programs, from the MS to the Ph.D. to continuing education. Second, UM-Dearborn's ASE classroom activities are augmented by both basic and practice-oriented research. Third, UM-Dearborn is located in one of the world's largest concentrations of automotive engineers, providing a wealth of partnership opportunities and encouraging CECS faculty to engage in practical collaborative automotive research. This research carries into the classrooms to make the ASE curriculum practical and relevant. Many MS-ASE and PhD-ASE students go to school part-time while working full-time at a local automotive OEM or supplier company. They share their professional experiences in class and bring a sense of realism, practicality and relevance to the ASE program.
INTRODUCTION
The 21st century automotive industry will be characterized by revolutionary products emphasizing lightweight, environmentally-friendly materials, alternative energy powertrains, intelligent control systems, vehicle-to-vehicle and vehicle-to-infrastructure communications. To meet the challenge of integrating these technologies into tomorrow's automobiles, engineers will need to connect and integrate different areas of knowledge to create customer value while benefiting society and the environment. While needing to be well-grounded in their own areas of specialization, they must also be skilled in synthesis, working in cross-disciplinary teams, and adopting a systems approach.
The College of Engineering and Computer Science (CECS) at the University of Michigan-Dearborn (UM-Dearborn) responded to these needs by creating interdisciplinary programs combining classroom learning with hands-on research. These include a master of science program in automotive systems engineering (MS-ASE), automotive systems research in the Institute for Advanced Vehicle Systems (IAVS), collaborative research with industry sponsored by the Henry Patton Center for Engineering and Practice (HP-CEEP), materials research in the Center for Lightweighting Automotive Materials and Processing (CLAMP) and the Ph.D. program in Automotive Systems Engineering (PhD-ASE).
The MS-ASE is a 30-credit hour interdisciplinary graduate degree program offered through the University of Michigan Rackham Graduate School. Many of its courses are specifically designed to address new and emerging automotive technologies and how to apply them in practice.
The program combines depth in a chosen area of automotive engineering and breadth across engineering disciplines. It culminates in a capstone group project or a master's thesis solving an industry problem. The program's most important attribute is its systems approach to understanding and solving automotive industry problems.
Master's Level Automotive Systems Engineering Programs
Loughborough University in the UK in partnership with Ford Motor Company created a master of science program in Automotive Systems Engineering within the Department of Aeronautical and Automotive Engineering. The program is targeted at engineers working in the automotive industry to provide graduates with technical expertise in a wide-range of automotive disciplines and a systems viewpoint for automotive design and manufacture. [12] The HAN University of Applied Sciences in the Netherlands offers an 18 month master's program in Automotive Systems. The program focuses on vehicle dynamics, control and driver assistance and powertrain. The curriculum investigates major trends in the development and manufacture of cars and trucks. Full-time students can spend their first year of study at the Czech Technical University (CTU) in Prague, allowing the students to earn a double degree -a master of science from CTU and a Professional Master's degree from HAN. [6] RWTH Aachen offers a two-year master of science program providing in-depth knowledge and understanding of Automotive Engineering. Its particular focus is on industrial R & D practices and on modern manufacturing processes of vehicles and their subsystems. It focuses on all disciplines within automotive engineering, including concept, development, design and construction and also the manufacturing process of vehicles. An integral part of the program is exposing students to industry-related activities. This includes a mandatory two month industrial internship and the opportunity to take part in applied research projects. In addition to course work, each student must complete both a mini-thesis and a master's thesis on a subject related to automotive engineering. The thesis can be completed either in industry or at the university. [16] Kalasalingam UMDearborn's proximity to these automotive centers makes it easy for automotive professionals to come to campus to collaborate on research, give advice, critique student projects, and present seminars to the campus community. This same proximity makes it easy for CECS students and faculty to visit their industry partners to learn, conduct research and collaborate with them at their facilities.
In addition to UM-Dearborn's proximity to automotive engineering centers, there are a wealth of alliances, partnerships and collaborations with automotive companies. There are several reasons for these rewarding relationships besides proximity. First is the relevance of CECS activities to these companies; the college engages in practical automotive research that can be put into production in years instead of decades. Second, CECS produces graduates, in particular those graduating from the ASE program, possessing the skills needed and desired by automotive companies. Third, CECS is a well-known and proven provider of graduates ready to take on responsible roles in the automotive industry. The executive ranks of local automotive OEMs and automotive suppliers are heavily-weighted with CECS graduates. The Ph.D.-ASE offers the following concentration areas in which the students can conduct their dissertation research. The students in this program are required to take courses and interact with faculty and students outside their research area.
• 
UM-DEARBORN'S INTERDISCIPLINARY MASTER OF SCIENCE IN ENGINEERING PROGRAM IN AUTOMOTIVE SYSTEMS ENGINEERING [24]
To meet the challenges of the automotive industry, engineers must improve their technical knowledge and skills in a variety of topics beyond the realm of traditional undergraduate engineering curricula. In addition, they will be expected to make connections among different areas of knowledge and integrate them in ways that benefit the automotive industry, society and the environment. They must not only be well-grounded in their own areas of technical specialty, but also have a good understanding of related disciplines, be skilled in synthesis, analysis and design, be able to work effectively in a team environment and be able to adopt a systems approach.
In response to these needs, in 1996 CECS created a 30-credithour interdisciplinary graduate degree program leading to a master's degree in Automotive Systems Engineering (MS-ASE). It now has approximately eighty students enrolled in the program. Many courses in this program are specifically designed to address the new and emerging technologies in the automotive industry. Students in this program learn not only about advanced technologies, but also how to apply them in practice for creative design and problem solving. In essence, the program provides:
• Depth in the area of automotive engineering
• Breadth across engineering disciplines of electrical, industrial, mechanical, manufacturing and materials
• Industrially-relevant engineering design or research experience through a capstone project or a thesis
The ASE program is also offered in distance-learning mode via the internet. Online courses utilize video streaming of the lectures given on campus. Online students can interact with instructors and with fellow students (both on campus as well as online) through the Virtual Learning Tool (VLT) developed at the UM-Dearborn. Class lectures, notes and discussions are posted on VLT for online students' access.
The systems breadth in automotive engineering in the master's program is provided through core courses, such as The Automobile -An Integrated System and Automotive Manufacturing Processes. The other core courses include a spectrum of automotive topics such as vehicle electronics, ergonomics, materials selection and powertrains. The depth in automotive engineering is provided by a number of elective courses in four different concentration areas.
• Industrial and Manufacturing Concentration
• Electrical and Computer Concentration
• Mechanical Engineering Concentration
• Automotive Materials Concentration Students in the master's program must also complete either a capstone project or a thesis. Capstone projects are designed to be team-oriented to emphasize the interdisciplinary nature of the program. A thesis involves original research and is done by an individual student. The project or thesis can be in any area of automotive engineering or related fields but must be big enough in scope for a two semester course for each team member.
UNIVERSITY OF MICHIGAN'S ENGINEERING PROFESSIONAL DEVELOPMENT [21]
Engineering Professional Development (EPD) in CECS provides a variety of continuing education programs and services for engineering and computer science professionals. Programs and courses are developed through collaboration with faculty and other subject matter experts and can be customized to fit the needs of corporate customers. The mission of IAVS is to conduct design, development and manufacturing research on advanced vehicle systems. Its focus is automotive systems. Its goal is to conduct research related to automotive design, engineering and manufacturing processes as well as the creation of innovative design, engineering and manufacturing processes and methods.
CECS faculty and students participate in IAVS activities when their research interests align with those of IAVS. IAVS activities include a high level of collaboration among faculty members and engineering students from each of the CECS departments and in some cases by faculty and students from partner colleges and universities. Some of the most rewarding collaborations involve participation of industry experts who share their experiences, serve as mentors, critique project progress and final results, and recognize students' achievements.
IAVS activities improve the 'professional' skills of CECS graduates. These skills include the ability to communicate effectively, to be an effective team player, to understand nontechnical factors affecting decision-making and the ability to innovate. Student researchers, most of whom are in ASE degree programs in CECS are given the opportunity to put into practice the lessons learned in the classroom.
Designing a Low Mass Vehicle [17] The design of a Low Mass Vehicle (LMV) was the first "driving project" of IAVS. The challenge of the LMV project was to design a vehicle with 30% less mass than the Toyota Echo but with the same wheelbase as the Ford Focus. The design goal was to achieve the 30% mass reduction while providing the space, features, amenities, performance and cost -even in low volumes -customers expect of cars in that class.
The 30% mass reduction target was chosen to force researchers to look beyond incremental improvements that might suffice if only a five or ten percent reduction were required and to create innovative designs and processes instead. Throughout the LMV project IAVS researchers were challenged to look at unconventional, risky ideas.
Individual research projects were conducted under the LMV umbrella. By sharing a common focus -the LMV, individual research projects within the driving project were required to complement each other. As in industry, the challenge in the LMV project was to compromise constructively so that every researcher's key objectives were satisfied. Although each individual element of the overall final vehicle design may be less perfect than if it were designed without competing constraints, no individual element of the overall final vehicle design could be allowed to fail to meet its fundamental requirements.
IAVS researchers were encouraged to work with industry experts, sharing ideas and taking advantage of the wealth of expertise found at our partner companies. Industry experts served as judges for student design competitions. They served as mentors, critiqued project progress, and recognized students' achievements.
In order to create the exterior and the interior designs of the LMV IAVS partnered with CCS. When IAVS designed the LMV exterior and interior, several CECS engineering students and faculty members participated in the CCS design studio classes to help the CCS students understand engineering design requirements. The approach here was similar to the American Iron and Steel Institute (AISI)-sponsored automotive design internship program in which for two summers CCS students teamed up with the University of Michigan-Ann Arbor (UM-AA) students to bring innovative automotive design and advanced steel technologies together. [1, 2] Following the creation of the LMV exterior and interior designs a series of projects was conducted to implement the designs. They covered a spectrum of automotive design, engineering, and manufacturing process technologies. Over 30 individual research projects and 5 studio design projects were conducted. They involved 27 faculty researchers and instructors; 18 from UM-Dearborn, 6 from CCS and one each from RWTH Aachen, Henry Ford Community College and Tennessee Technical University. Five post-doctoral researchers, 44 graduate student research assistants, 3 CECS undergraduate students and 10 CCS undergraduate students participated in the research. Another 80 CCS students participated in LMV projects as part of their studio design projects.
In addition, at least 25 industry researchers lent their knowledge and experience to the LMV project. Results of the LMV Project [17] The computer rendering of the Low Mass Vehicle is shown in Figure 1 . The side doors are shown in phantom in order to show the interior of the Low Mass Vehicle.
The Low Mass Vehicle met its industrial design and packaging objectives, matching the Toyota Echo's space, features and amenities. Most LMV performance objectives were met. The highway fuel economy goal was not met because the LMV missed its drag coefficient goal of 0.32, achieving 0.423 instead. Acceleration and top speed were lower than the Toyota Echo or Ford Focus due primarily to the small engine (1 liter) proposed for the LMV. 
SUMMER AUTOMOTIVE ENGINEERING PROJECT
For two summers in a row IAVS conducted what is becoming known as the Summer Automotive Engineering Project, a four-month long student project in CECS. The first student project, conducted during the summer of 2008 was entitled the Model T Challenge, sponsored by Ford Global Technologies LLC [7] . The feedback from the students on the first project was so enthusiastic and positive that a second Summer Automotive Engineering Project was conducted the next year. The second project was sponsored in part by the Ford Motor Company Fund.
The Model T Challenge (2008) [7] The Model T Challenge was sponsored by Ford Global Technologies LLC as a student competition to help celebrate the centennial of the Model T. Ford Global Technologies LLC asked UM-Dearborn's CECS and four other colleges worldwide each to assemble student teams to participate in a four-month-long summer contest to design a Model T for the 21st Century. Their task was to design a mobility solution in the spirit of Henry Ford's original Model T while meeting the following requirements:
• Base list price: $7,000
• Simple, practical and compelling
• Has a minimum range of 200 km (125 miles)
• Base model seats at least 2 passengers
• Preferably use existing Ford technologies
In keeping with the spirit of the original Model T, Ford Global Technologies set the following goals:
• The design should be revolutionary; competing against nonconsumption, not just against existing models.
• The vehicle should personify the Ford brand.
• The design should demonstrate innovative sustainability.
• The vehicle should redefine how vehicles are made.
A team of 12 engineering students was assembled to create the design of UM-Dearborn's Model T for the 21st Century. It consisted of 3 undergraduate and 9 graduate students. Prof. P.K. Mallick served as the team's faculty supervisor and was assisted by six other CECS faculty and staff members. Over the course of the project the team gained the advice and recommendations of several industry partners including Ford Motor Company, ASC and Bunkspeed.
While the UM-Dearborn team did not win, the Model T Challenge was a dynamic learning experience for everyone who participated in it -students as well as faculty. UMDearborn's Model T for the 21st Century met the challenge. It competes against non-consumption by providing aspiring customers in developing countries their first opportunity to own a car. It was purposely designed to be easily recognizable as a car to appeal to global customers who desire a practical and dependable car and who can now fulfill that desire. It can be easily and quickly reconfigured to transform into an SUV or a pickup. It is designed for sustainability by utilizing recycled and recyclable materials and has an extremely low operating cost and produces significantly lower emissions. It met all of the price, range and packaging targets. Reconfigurable Electric Vehicle (2009) [5] The theme of the 2009 student project was the design of an innovative electric car. The student team consisted of 6 CECS undergraduate students mentored by 3 CECS graduate students, all under the supervision of Professor Vivek Bhise, Professor of Industrial and Manufacturing Systems Engineering and a veteran of the first summer's project. The team was later joined by two designers from CCS, one a recent graduate and the other a current student. The three graduate students, all enrolled in CECS' MS-ASE program, coached the undergraduates on technical matters the younger students wouldn't study for several more years.
The team's first task was to create a work plan based on a set of customer requirements created in an IAVS graduate student research project prior to the summer automotive engineering project. The team was instructed to come up with a design specification for an electric car that met these customer requirements. The challenge was that some of the requirements appeared to be contradictory. The customer requirements that were given to the team included:
• The vehicle is to have a range of at least 60 miles for use as a low-priced commuter vehicle
• The vehicle is to have a range of at least 200 miles when desired, such as on weekends
• The vehicle should help keep the environment clean
• The vehicle has to look good aesthetically
• The vehicle should have low aerodynamic drag for reduced energy consumption
The concept proposed by the team was a Reconfigurable Electric Vehicle. It provides customers an option to reconfigure the vehicle according to their needs. A customer can have a city commuter with a range of 60 miles on weekdays and a midsize sedan with a range of 350 miles for long family trips on weekends. This concept has several advantages but at the same time it has some weaknesses which the team needed to address.
The city commuter was designed to be a pure Battery Electric Vehicle (BEV) with a range of 60 miles and 0-60 mph acceleration in 8.5 seconds. Two motors in front wheel drive configuration provide the required traction. When the vehicle is reconfigured to a midsize sedan its architecture is changed into a 350 mile range-extended electric vehicle with the same acceleration performance targets. The team chose a Lithiumion battery for the BEV option. For range extension a quasiturbine engine was selected.
Re-configurability was the crux of the concept and since the re-configurability brings complexity, it was important for the team to design the driver/user interface such that systems could be operated with ease and with little learning and training involved. Swapping of vehicle modules was designed as an automated process with well-designed interfaces. The interfaces were designed such that driver or user would be informed and guided through every step of the process. Several warnings have also been built-in with safety considerations to avoid driver errors and accidents.
A cost analysis was conducted, the results of which were found to be reasonable. The vehicle introduction was targeted for 2025 and the team believes that advancements in technologies in the coming years will drive the cost even lower. 
CONCLUSIONS
The 21st century automotive industry will be characterized by revolutionary products, rapid changes in technology and increasing technological sophistication. Engineers will need to advance their knowledge and connect and integrate different areas of knowledge. They will need to be skilled in synthesis, working in cross-disciplinary teams, and adopting a systems approach.
CECS responded to these challenges by creating interdisciplinary programs combining classroom learning with hands-on research. Classroom learning includes the MS-ASE, the Ph.D.-ASE and Continuing Education Certificate Programs. Hands-on research includes automotive systems research in IAVS, collaborative research with industry sponsored by HP-CEEP and materials research in CLAMP.
UM-Dearborn's ASE programs offer interesting and possibly unique advantages. The first is that it offers a spectrum of ASE degree and credit programs, from the MS to the Ph.D. to continuing education. Having a Ph.D.-ASE helps attract more automotive research funding, increases graduate student support, and encourages the development of new instructional and research laboratories. Having a MS-ASE in CECS allows undergraduates engaged in undergraduate ASE activities such as the Summer Automotive Engineering Project to be mentored and tutored by ASE graduate students.
A second advantage is that CECS' ASE classroom activities are augmented by ASE research including IAVS, HP-CEEP and CLAMP. ASE research is enriched and strengthened by the ASE-Ph.D. program and by the wealth of CECS research tools, many provided by CECS' corporate partners.
Third, CECS is located in one of the world's largest concentrations of automotive engineers. Being located in southeast Michigan provides CECS with a wealth of partnerships. It encourages CECS faculty, many of whom worked in the automotive industry before coming to UMDearborn, to engage in practical collaborative automotive research. Many CECS professors have been aided in their first collaborative research with industry by grants from HP-CEEP. This collaborative research experience carries into the ASE classrooms to make the curriculum practical and relevant.
Many CECS graduates stay in southeast Michigan after they graduate to work and grow in automotive companies located there. Many have become successful leaders in their companies. Many MS-ASE students go to school part-time while working full-time in a local automotive OEM or supplier company. They share their professional experiences in class and bring a sense of realism, practicality and relevance to the ASE program.
CECS believes that because of the broad spectrum of its classroom and hands-on research activities and because of the many advantages mentioned above, its ASE programs uniquely prepare its graduates to address the needs of the automotive industry of the 21st century. CECS believes that these ASE graduates will serve in valuable roles in the automotive industry and will fill responsible positions there.
